DESCRIPTION 

CORIOLIS FLOWMETER 

BACKGROUND OF THE INVENTION 
Technical Field 

The present invention relates to a Coriolis flowmeter, and 
more particularly to a Coriolis flowmeter including at least one 
flow tube constructed of a bent tube. 

Background Art 

In a Coriolis flowmeter, a tube through which a fluid to be 
measured flows is supported at one end or both ends thereof, and 
vibration is applied to a portion of the tube around the supporting 
point in a direction perpendicular to the flowing direction of the 
tube (hereinafter, a tube to which vibration is applied is referred 
to as a flow tube) . The Coriolis flowmeter is a mass flowmeter, 
which utilizes the fact that the Coriolis forces applied to the 
flow tube when vibration is thus applied thereto, are proportional 
to a mass flow rate. The Coriolis flowmeter, which is well known, 
is roughly classified into two types in terms of flow tube structure: 
a straight tube type and a bent tube type. 

In a Coriolis flowmeter of the straight tube type, when 
vibration is applied to a straight tube , whose both ends are supported, 
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in a direction perpendicular to the straight-tube center portion 
axis, a difference in displacement due to the Coriolis forces is 
generated between the support portions and the central portion of 
the straight tube (that is, a phase difference signal is obtained) , 
and, based on this phase difference signal, the mass flow rate is 
detected. The straight tube type Coriolis flowmeter thus 
constructed has a simple, compact, and solid structure . On the other 
hand, there arises a problem in that it is difficult to achieve 
high detection sensitivity. 

In contrast, the bent tube type Coriolis flowmeter is superior 
to the straight tube type Coriolis flowmeter from a view point that 
it allows selection of a shape for effectively obtaining the Coriolis 
forces . In fact , it is capable of performing mass flow rate detection 
with high sensitivity. Known examples of the bent tube type Coriolis 
flowmeter include one equipped with a single flow tube (see, for 
example, JP 4-552 50 B) , one equipped with two flow tubes arranged 
in parallel (see, for example, JP 2939242 C) , and one equipped with 
a single flow tube in a looped state (see, for example, JP 2951651 
C) . 

However, of bent tube type Coriolis flowmeters, one with a 
single flow tube is advantageously capable of providing a mass 
flowmeter in the simplest structure and at low cost. On the other 
hand, it has the following problem. Since there is provided only 
one flow tube, when vibrating the flow tube, it is impossible to 
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secure the vibration balance as in the case of a flowmeter with 
two flow tubes, making it impossible to obtain a stable signal. 

Summary of the Invention 

It is an object of the present invention to provide a Coriolis 
flowmeter, which can be realized in a simple construction and at 
low cost and is capable of obtaining a stable signal when vibrating 
the flow tube. 

To achieve the object of the present invention, the Coriolis 
flowmeter of the present invention is characterized by including: 
at least one flow tube constructed of a bent tube of a symmetrical 
shape with respect to a first axis and supported at support portions 
at both ends in which inflow and outflow ports are formed; a drive 
device adapted to alternately drive the flow tube in a rotating 
direction around a second axis connecting positions supported at 
the support portions at both ends; and a pair of vibration detecting 
sensors mounted at symmetrical positions to the right and left of 
the drive device and adapted to detect a phase difference that is 
proportional to Coriolis forces acting on the flow tube. The drive 
device is arranged in the first axis, there being further provided 
a pair of second drive devices adapted to alternately drive the 
flow tube in the rotating direction and arranged at symmetrical 
positions to the right and left of the drive device. The pair of 
second drive devices are driven in phase with each other, with the 

3 



drive device and the pair of second drive devices being driven in 
a reverse phase with each other. 

With this construction, according to the Coriolis flowmeter 
of the present invention, when the drive device and the pair of 
second drive devices are driven, vibration beam in a tertiary 
vibration mode may be provided to the flow tube. In other words, 
a pair of second drive devices are driven in phase, whereas the 
drive device and the pair of second drive devices are driven in 
a reverse phase, so the flow tube may obtain the vibration beam 
in the tertiary vibration mode. As compared with the case in which 
no such pair of second drive devices exist and in which only the 
drive device is used, in the flow tube of the Coriolis flowmeter 
of the present invention, the vibration of the flow tube is far 
more stabilized, with the result that the signals obtained through 
the pair of vibration detecting sensors are stabilized. As can be 
seen from the structure described above, the Coriolis flowmeter 
of the present invention provides a mass flowmeter in a simple 
structure and at low cost. 

To achieve the object of the present invention, according to 
the Coriolis flowmeter of the present invention, the vibration 
detecting sensors are arranged between the drive device and the 
pair of second drive devices. Further, to achieve the object of 
the present invention, according to the Coriolis flowmeter of the 
present invention, in the Coriolis flowmeter of the present invention, 
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the pair of vibration detecting sensors are arranged between the 
pair of second drive devices and the support portions having the 
inflow and outflow ports of the flow ttibe. 

With such the construction, according the present invention, 
the arrangement of the pair of vibration detecting sensors allows 
appropriate selection, and it is possible to detect the phase 
difference, which is proportional to the Coriolis forces acting 
on the flow tube, at a more desirable position. 

To achieve the object of the present invention, according to 
the Coriolis flowmeter of the present invention, the flow tube is 
formed in a gate -shape having a straight portion and a pair of leg 
portions connected to the ends of the straight portions, and the 
drive device and the pair of second drive devices are arranged along 
the straight portion. With this construction, according to the 
Coriolis flowmeter of the present invention, it is possible to further 
stabilize the vibration of the flow tube. 

To achieve the object of the present invention, according to 
the Coriolis flowmeter of the present invention, the vibration 
detecting sensors are equipped with coils and magnets, the coils 
are arranged on a stationary member parallel to the flow tube, and 
the magnets are arranged on the flow tube. With this construction, 
according to the present invention, no coil requiring wiring is 
mounted to the flow tube, so the influence on the vibration of the 
flow tube is mitigated as much as possible. 
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According to the present invention, the flow tube may obtain 
the vibration beam in a tertiary vibrationmode , whereby it is possible 
to markedly stabilize the vibration of the flow tube as compared 
with the prior-art technique. Thus, it is possible to provide a 
Coriolis flowmeter capable of obtaining a stable signal through 
the vibration detecting sensor, which is advantageous. Further, 
since it is a Coriolis flowmeter equipped with at least one flow 
tube constructed of bent tube, it is possible to provide a Coriolis 
flowmeter in a simple structure and at relatively low cost. 

According to the present invention, the vibration detecting 
sensor is provided between the drive device and the second drive 
devices, or between the second drive devices and the inflow and 
outflow ports, so it is possible to detect the phase difference, 
which is proportional to the Coriolis forces acting on the flow 
tube, at a more desirable position. 

According to the present invention, there is adopted a 
gate- shaped flow tube, along the straight line portion of which 
the drive device and the second drive devices are arranged, whereby 
it is possible to further stabilize the vibration of the flow tube. 

According to the present invention, a coil requiring wiring 
is arranged on a stationary member parallel to the flow tube, and 
amagnet is arranged on the flowtube, so the influence on the vibration 
of the flow tube can be mitigated as much as possible. 
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Brief Description of the Drawings 

Fig. 1 is a perspective view of a Coriolis flowmeter according 
to an embodiment of the present invention. 

Fig. 2 is a front view of a Coriolis flowmeter according to 
another embodiment of the present invention, in which a single bent 
tube type flow tube is mounted in a vertical plane. 

Fig. 3 is a top view of the Coriolis flowmeter shown in Fig. 

2. 

Fig. 4 is a sectional view, as taken along the line near its 
center, of the Coriolis flowmeter shown in Fig. 2. 

Fig. 5 is a diagram schematically illustrating operation of 
the flow tube. 

Fig. 6(a) is a diagram showing a bending vibration velocity 
of the flow tube of Fig. 5. 

Fig. 6(b) is a diagram showing a Coriolis force of the flow 
tube at a point where a pair of vibration detecting sensors of Fig. 
6(a) are arranged. 

Fig. 7 is a front view of a Coriolis flowmeter according to 
still another embodiment of the present invention, in which a single 
bent txibe type flow tube is moiinted in a vertical plane. 

Detailed Description of the present invention 

Embodiments of the present invention will now be described 
with reference to the drawings. 

7 



In Fig. 1, a Coriolis flowmeter according to a first embodiment 
of the present invention is shown. 

Of the drawings, Fig. 1 is a perspective view of a Coriolis 
flowmeter according to an embodiment of the present invention. 

In Fig. 1, a Coriolis flowmeter 1 according to the first 
embodiment of the present invention includes a casing 2, a single 
flow tube 3 accommodated in the casing 2, a drive device 4 and a 
pair of second drive devices 5, 5 for driving the flow tube 3, and 
a pair of vibration detecting sensors 6, 6 for detecting a phase 
difference proportional to Coriolis forces acting on the flow tube 
3. In the following, those components will be described. 

The casing 2 has a structure resistant to bending and torsion. 
Further, the casing 2 is large enough to be capable of accommodating 
the flow tube 3 and a stationary member 7 arranged parallel to the 
plane defined by the flow tube 3 itself. Further, the casing 2 is 
formed so as to be capable of protecting the flow tube 3, etc., 
which constitute the main portion of the flowmeter. The casing 2 
is filled with an inert gas, such as argon gas. Due to the filling 
of the casing 2 with an inert gas, in the casing 2, condensation 
on the flow tube 3, etc. is prevented. 

The stationary member 7 has, for example, a rectangular shape 
in plan view, and is formed as a flat plate as shown in the figure. 
The stationary member 7 is partially fixed to the casing 2 . Further, 
mounted and fixed to the stationary member 7 are block -shaped support 
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portions 8 , 8 for supporting and fixing the flow tube 3 . The Coriolis 
flowmeter 1 of the present invention has a structure which involves 
no amplification of disturbance vibration and which does not easily 
allow vibration to be transmitted to the flow tube 3 through the 
support portions 8, 8. 

The flow tube 3 is constructedof abent tube which is symmetrical 
with respect to a first axis indicated by reference numeral SI of 
Fig. 1 (which coincides with the vertical axis of the Coriolis 
flowmeter 1) , and the inflow port side and the outflow port side 
thereof are fixed to the support portions 8, 8. The flow tube 3 
is formed in a gate- like shape, and has a straight portion 9 and 
a pair of leg portions 10, 10 connected to the ends of the straight 
portion 9 thereof. The material of the flow tube 3 is one usually 
adopted in this technical field, such as stainless steel, hastelloy, 
or titanium alloy. Further, mounted to the inflow and outflow ports 
of the flow tube 3 are an inflow port side connecting portion 11 
and an outflow port side connecting portion 12. Measurement fluid 
flows into the flow tube 3 from the direction of the arrow IN of 
Fig. 1 through the inflow port side connecting portion 11 and the 
inflow port, and sequentially flows through the inflow port side 
leg portion 10, the straight portion 9, and the outflow port side 
leg portion 10 before flowing out through the outflow port and the 
outflow port side connecting portion 12 (as indicated by the arrow 
OUT) . 
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Although not shown specifically, the drive device 4 for 
vibrating the flow tube 3 so as to form the vibration beam in the 
tertiary vibration mode is equipped with a coil and a magnet . Further , 
the drive device 4 is arranged in the first axis SI. To be more 
specific, it is arranged at the center position of the straight 
portion 9 of the flow tube 3 and along the flow path center axis. 
Further, the coil of the drive device 4 is mounted to the stationary 
member 7 and the magnet of the drive device 4 is mounted to the 
flow tube 3 with, for example, a dedicated mounting member. 

Here , when an attracting action is generated in the drive device 

4, the magnet is inserted into the coil. As a result, the flow tube 
3 is brought close to the stationary member 7. In contrast, when 
a repelling action is generated in the drive device 4, the flow 
tube 3 is moved away from the stationary member 7. 

Since the flow tube 3 is fixed to the support portions 8, 8, 
the drive device 4 is adapted to alternately drive the flow tube 
3 in the rotating direction around a second axis S2 connecting the 
support portions 8, 8 (an axis parallel to the horizontal axis). 

Like the drive device 4 , each of the pair of second drive devices 

5, 5 is equipped with a coil and a magnet. The pair of second drive 
devices 5, 5 are arranged symmetrically to the right and left of 
the drive device 4. In this embodiment, the pair of second drive 
devices 5, 5 are arranged near the apexes of the rising portion 
and the falling portion of the straight portion 9 of the flow tube 
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3 and along the flow path center axis of the flow tube 3 . In this 
way, the pair of second drive devices 5, 5 and the drive device 

4 are arranged in a lateral row along the straight portion 9 of 
the flow tube 3. Further, they are arranged at predetermined 
intervals. The respective coils of the pair of second drive devices 
5, 5 are mounted to the stationary member 7. Each of the magnets 
of the pair of second drive devices 5, 5 are mounted to the flow 
tube 3 . 

The pair of second drive devices 5, 5 are set so as to be driven 
in phase with each other. Further, the pair of second drive devices 
5, 5 and the drive device 4 are set so as to be driven in a reverse 
phase with each other. Thus, when an attracting action is generated 
in the pair of second drive devices 5, 5, the magnets are inserted 
into the coils. As a result, the flow tube 3 is brought close to 
the stationary member 7 (at this time, a repelling action is generated 
in the drive device 4) . In contrast, in the drive device 4, when 
a repelling action is generated, the flow tube 3 is moved away from 
the stationary member 7 (at this time, an attracting action is 
generated in the drive device 4) . In this way, like the drive device 
4, the pair of second drive devices 5, 5 are adapted to alternately 
drive the flow tube 3 in the rotating direction. 

As stated above, the pair of vibration detecting sensors 6, 
6 are adapted to detect a phase difference which is proportional 
to the Coriolis forces acting on the flow tube 3; each of them is 
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equipped with a coil and a magnet (to form a velocity detection 
system) . Further, the pair of vibration detecting sensors S, 6 are 
arranged symmetrically to the right and left of the drive device 
4. In this embodiment, the pair of vibration detecting sensors 6, 
6 are arranged between the inflow port side second drive device 

5 and the drive device 4 and between the outflow port side second 
drive device 5 and the drive device 4 (the arrangement of the vibration 
detecting sensors 6, 6, however, should not be construed 
restrictively) . When the flow tube 3 is vibrated, nodes are 
generated; in this embodiment, the pair of vibration detecting 
sensors 6, 6 are arranged at positions deviated from a node generated 
between a portion corresponding to the inflow port side second drive 
device 5 and a portion corresponding to the drive device 4, and 
from a node generated between a portion corresponding to the outflow 
port side second drive device 5 and a portion corresponding to the 
drive device 4. The respective coils of the pair of vibration 
detecting sensors 6, 6 are mounted to the stationary member 7. The 
respective magnets of the pair of vibration detecting sensors 6, 

6 are mounted to the flow tube 3. 

In the Coriolis flowmeter of the first embodiment of the present 
invention, the respective coils of the pair of second drive devices 
5,5, the drive device 4, and the pair of vibration detecting sensors 
6, 6 have an appropriate weight and also require wiring (graphics 
of the wiring is omitted) of an FPC (flexible printed circuit) (not 
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shown) , so they are mounted at predetermined positions on the 
stationary member 7. In the Coriolis flowmeter of the first 
embodiment, by mounting coils at predetermined positions on the 
stationary member 7 as described above, the influence on the vibration 
of the flow tube 3 is mitigated as much as possible. 

It is to be noted that the Coriolis flowmeter of the first 
embodiment of the present invention does not deny the adoption of 
a structure in which the mounting of the coils and the magnets are 
reversed (i.e., the coils are mounted to the flow tube 3 and the 
magnets are mounted to the stationary member 7) or alternated (e.g. , 
the coil of the drive device 4 is mounted to the stationary member 
7 and the magnet of the drive device 4 is mounted to the flow tube 
3, or, conversely, the coils of the pair of second drive devices 
5, 5 are mounted to the flow tube 3 and the magnets of the pair 
of second drive devices 5, 5 are mounted to the stationary member 
7, etc. ) . Although not specifically shown, in mounting the magnets 
to the flow tube 3, a dedicated mounting member is used. 

Regarding the operation of the Coriolis flowmeter 1 of the 
present invention, it will be described below together with the 
operation of a Coriolis flowmeter 21 according to a second embodiment . 

Next, a Coriolis flowmeter according to another embodiment 
of the present invention will be described with reference to Figs. 
2 through 4 . 

Fig. 2 shows a Coriolis flowmeter according to a second 
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embodiment of the present invention. 

Of the drawings, Fig. 2 is a front view of a Coriolis flowmeter 
according to an embodiment of the present invention, in which a 
single bent tube type flow tube is mounted in a vertical plane. 
Fig. 3 is a top view of the Coriolis flowmeter shown in Fig. 2; 
and Fig. 4 is a sectional view, as taken along a line near its center, 
of the Coriolis flowmeter shown in Fig. 2. 

In Figs. 2 through 4, a Coriolis flowmeter 21 according to 
the second embodiment of the present invention includes a main body 
22 and a pressure-resistant case 23 forming a casing, a single flow 
tube 24 accommodated in the casing, a drive device 25 and a pair 
of second drive devices 26 for driving the flow tube 24, and a pair 
of vibration detecting sensors 27 , 27 for detecting aphase difference 
that is proportional to the Coriolis forces acting on the flow tube 
24. In the following, these components will be described. 

The main body 22 is substantially in a bilge- like shape with 
a U-shaped section and an open upper surface. The main body 2 of 
this shape has a structure resistant to bending and torsion; connected 
to its ends in the longitudinal direction (i.e., in Fig. 2, coincides 
with the lateral direction of Fig. 2) are an inflow port side 
connecting portion 28 and an outflow port side connecting portion 
29. The inflow port side connecting portion 28 and the outflow port 
side connecting port ion 29 are formed so as to establish communication 
between the interior and the exterior of the main body 22 . Further, 
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the inflow port side connecting portion 28 and the outflow port 
side connecting portion 29 have arcuate portions, by means of which 
it is possible to change the flowing direction of the measurement 
fluid by 90 degrees. Further, mounted to the inflow port side 
connecting portion 28 and the outflow port side connecting portion 
29 are flanges 30, 3 0 for connecting, outside the main body 22, 
external flow tubes through which the measurement fluid flows. In 
this embodiment, it is to be assumed that the measurement fluid 
flows in from the left-hand side and flows out from the right-hand 
side of Fig. 2. Further, a base plate 31 is provided inside the 
main body 22 and in the vicinity of the upper surface mentioned 
cibove . 

The pressure-resistant case 23 has an opening portion mounted 
to the top surface of the main body 22, and is formed in a U-shaped 
sectional shape as shown in the figure. Further, the 
pressure-resistant case 23 is thin-walled, and formed such that 
the entire outer periphery thereof is of an arcuate shape. Despite 
the small wall thickness, the pressure-resistant case 23 thus formed 
ensures a very high level of pressure resistance; if the flow tube 
24 is damaged, the measurement fluid flowing through the flow tube 
24 does not flow out of the main body 22 and the pressure -resistant 
case 23 forming the casing. The pressure -resistant case 23 is fixed 
to the main body 22 by appropriate means, such as welding. Further, 
the casing, formed of the main body 22 and the pressure-resistant 
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case 23, can protect the main portion of the flowmeter, such as 
the flow tube 24. Further, the casing, formed of the main body 22 
and the pressure -resistant case 23, is filled with an inert gas, 
such as argon gas. Due to the filling of the casing with this inert 
gas, condensation on the flow tube 24, etc. is prevented. 

The flow tube 24 is constructed of a bent tube which is 
symmetrical with respect to a first axis SI shown in Fig. 1 (which 
coincides with a vertical axis of Fig. 2) , and has two opening portions, 
that is, inflow and outflow ports, supported by and fixed to the 
inflow port side connecting portion 28 and the outflow port side 
connecting portion 29. To be more specific, the flow tube 24 has 
a gate- shape having a straight portion 32 and a pair of leg portions 
33, 3 3 connected to the ends of the straight portion 32, and is 
fixed to the inflow port side connecting portion 28 and the outflow 
port side connecting portion 29 through the inflow and outflow ports . 
The material of the flow tube 24 is one usually adopted in this 
technical field, such as stainless, hastelloy, or a titanium alloy. 

Measurement fluid flows into the flow tube 24 from the inflow 
port on the left-hand side of Fig. 2 through the inflow port side 
connection portion 28, and sequentially flows through the left-hand 
side leg portion 33, the straight portion 32, and the right-hand 
side leg portion 3 3 before flowing out through the outflow port 
on the right-hand side to the outflow port side connecting portion 
29. The flow path sectional area of the inflow port side connecting 
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portion 28 continuously decreases until it is matched with the 
sectional area of the flow tube 24. The flow path sectional area 
of the outf lowport side connecting portion 2 9 continuously increases 
from the portion being matched with the sectional area of the flow 
tube 24 until it is matched with the sectional area of the external 
flow tube. 

The drive device 25 is one for making the flow tube 3 vibrate 
so as to make a vibration beam in a tertiary vibration mode and 
is equipped with a coil 34 and a magnet 35. The drive device 25 
is provided in the first axis SI. That is, the drive device 25 is 
provided at the center position of the straight portion 32 of the 
flow tube 24 and along the flow path center axis. The coil 34 is 
mounted to a stationary member 36 provided parallel to a plane formed 
by the flow tube 24. Although not specifically shown, an FPC 
(flexible printed circuit) is led out from the coil 34, and is 
connected to a board (not shown) fixed at a predetermined position 
of a support column 3 7 described below. The magnet 3 5 of the drive 
device 25 is mounted to the flow tube 24 with, for example, a dedicated 
mounting member. 

Here , when an attracting action is generated in the drive device 
25, the magnet 35 is inserted into the coil 34. As a result, the 
flow tube 24 is brought close to the stationary member 36 . In contrast , 
when a repelling action is generated in the drive device 25, the 
flow tube 24 is moved away from the stationary member 36. 
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The flow tube 24 is fixed to the inflow port side connecting 
portion 28 and the outflow port side connecting portion 29, so the 
drive device 25 is structured so as to alternately drive the flow 
tube 24 in the rotating direction around a second axis S2 shown 
in Fig. 2 connecting the inflow port side connecting portion 28 
and the outflow port side connecting portion 29 (an axis parallel 
to the horizontal axis in Fig. 2) . 

The support column 3 7 is mounted to the stationary member 36, 
provided in parallel to the side formed by the flow tube 24 itself, 
is for wiring to the drive device 25, a pair of second drive devices 
26, 26, apair of vibration detecting sensors 27, 27, and a temperature 
sensor (not shown) , and is provided in the vertical axis of the 
Coriolis flowmeter 21 which is the same as the first axis SI shown 
in Fig. 1. Further, the support column 37 is arranged so as to extend 
across the interior and exterior of the casing . Formed on the support 
column 37 are a hollow support column main body 38 and a board fixing 
portion 39 mounted to an end of the support column main body 38. 
The above-mentioned board (not shown) is fixed to the board fixing 
portion 39, and a wire harness (not shown) connected to the board 
(not shown) is led out through the support column main body 3 8 via 
the support column 37. The support column main body 38 is partly 
sealed together with the wire harness (not shown) by resin molding 
or the like. 

The stationary member 36 is formed, as shown in Figs. 2 and 

18 



3, as a plate, and is fixed, for example, to the upper portion of 
the board fixing portion 39. The shape of the stationary member 
36 is not particularly limited to a plate. That is, the shape of 
the stationary member 3 6 is appropriately designed according to 
the arrangement of the drive device 25, the pair of second drive 
devices 26, 26, and the pair of vibration detecting sensors 27, 
27. The shape shown in Figs. 2 and 3 is an example of the shape 
of the stationary member 36. Instead of fixing it to the support 
column 37, the stationary member 36 may be directly mounted to the 
main body 22 . 

Like the drive device 25, each of the pair of second drive 
devices 26, 26 is equipped with a coil 40 and a magnet 41. The pair 
of second drive devices 26, 26 are arranged symmetrically to the 
right and left of the drive device 25. In this embodiment, the pair 
of second drive devices 26, 26 are arranged near the apexes of the 
rising portion and the falling portion of the straight portion 32 
of the flow tube 24 and along the flow path center axis of the flow 
tube 24 . The pair of second drive devices 26 , 26 and the drive device 
25 are arranged in a lateral row along the straight portion 32 of 
the flow tube 24. Further, they are arranged at predetermined 
intervals. The coils 40 are mounted to the stationary member 36. 
Although not specifically shown, an FPC (flexible printed circuit) 
is led out from the coil 40, and is connected to the board (not 
shown). The magnets 41 are mounted to the flow tube 24. 
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The pair of second drive devices 26, 26 are set so as to be 
driven in phase with each other. Further, the pair of second drive 
devices 26, 26 and the drive device 25 are set so as to be driven 
in a reverse phase with each other. When an attracting action is 
generated in the pair of second drive devices 26, 26, the magnets 
41 are inserted into the coils 40. As a result, the flow tube 24 
is brought close to the stationary member 3 6 (at this time, a repelling 
action is generated in the drive device 25) . In contrast, when a 
repelling action is generated in the pair of second drive devices 
26, 26, the flow tube 24 is moved away from the stationary member 
36 (at this time, an attracting action is generated in the drive 
device 25) . Like the drive device 25 , the pair of second drive devices 
26, 26 are structured so as to alternately drive the flow tube 24 
in the rotating direction. 

As stated above, the pair of vibration detecting sensors 27, 
27 are structured so as to detect a phase difference which is 
proportional to the Coriolis forces acting on the flow tube 24, 
each of which is equipped with a coil 42 and a magnet 43 (to form 
a velocity detection system) . Further, the pair of vibration 
detecting sensors 27, 27 are arranged symmetrically to the right 
and left of the drive device 25. In this embodiment, the pair of 
vibration detecting sensors 27 , 27 are arranged between the left-hand 
side second drive device 26 and the drive device 2 5 and between 
the right-hand side second drive device 26 and the drive device 



25. Further, in this embodiment, the pair of vibration detecting 
sensors 27, 2 7 are arranged along the flow path center axis of the 
flow tube 24. In this embodiment, the pair of vibration detecting 
sensors 27,27 are arranged at positions deviated from a node generated 
between a portion corresponding to the left-hand side second drive 
device 26 and a portion corresponding to the drive device 25 when 
flow tube 24 is vibrated, and from a node generated between a portion 
corresponding to the right-hand side second drive device 2 6 and 
a portion corresponding to the drive device 25 when flow tube 24 
is vibrated. 

Each of the coils 42 of the pair of vibration detecting sensors 
27, 27 are mounted to the stationary member 36. Although not 
specifically shown, an FPC (flexible printed circuit) is led out 
from each of the coils 42 of the pair of vibration detecting sensors 
27, 27 and connected to the board (not shown) . Each of the magnets 
43 of the pair of vibration detecting sensors 27, 27 are mounted 
to the flow tube 24. 

In the Coriolis flowmeter according the second embodiment of 
the present invention, the respective coils 34, 40 and 42 of the 
pair of second drive devices 26, 26, the drive device 25, and the 
pair of vibration detecting sensors 27 , 27 have an appropriate weight 
and also require wiring of an FPC, so they are mounted at predetermined 
positions on the stationary member 36. By mounting coils at 
predetermined positions on the stationary member 3 6 as described 



above, in the Coriolis flowmeter according the second embodiment 
of the present invention, the influence on the vibration of the 
flow tube 24 is mitigated as much as possible. 

It is to be noted that, in the Coriolis flowmeter according 
the second embodiment of the present invention, it is also possible 
to adopt a structure in which the mounting of the coils and the 
magnets are reversed (i.e., the coils are mounted to the flow tube 
24 and the magnets are mounted to the stationary member 36) or 
alternated (e.g., the coil of the drive device 25 is mounted to 
the stationary member 3 6 and the magnet of the drive device 2 5 is 
mounted to the flow tube 24, or, conversely, the coils of the pair 
of second drive devices 26, 26 are mounted to the flow tube 24 and 
the magnets of the pair of second drive devices 26, 26 are mounted 
to the stationary member 36 , etc.) . Although not specif ically shown, 
in mounting the magnets to the flow tube 24, a dedicated mounting 
member is used. 

In the Coriolis flowmeter according the second embodiment of 
the present invention, a temperature sensor (not shown) for 
temperature compensation of the Coriolis flowmeter 21 is mounted 
to the flow tube 24 with appropriate means. To be more specific, 
the temperature sensor (not shown) is mounted, for example, near 
the portion fixed to the inflow port side connecting portion 28. 
The FPC (flexible printed circuit) or the electric wire led out 
from the temperature sensor is connected to the board. 



In the Coriolis flowmeter of the first embodiment and Coriolis 
flowmeter of the second embodiment according to the present invention, 
when measurement fluid is caused to flow through the flow tube 3 
(the flow tube 24) , and the drive device 4 and the pair of second 
drive devices 5, 5 (the drive device 25 and the pair of second drive 
devices 26, 26) are driven such that attracting/repelling actions 
are alternately repeated in succession, the pair of second drive 
devices 5, 5 (the pair of second drive devices 26, 26) are driven 
in phase with each other, and the pair of second drive devices 5, 
5 (the pair of second drive devices 26, 26) and the drive device 
4 (the drive device 25) are driven in a reverse phase with each 
other. The pair of second drive devices 5, 5 (the pair of second 
drive devices 26, 26) and the drive device 4 (the drive device 25) 
are driven, so, as indicated by the solid line and the dashed line 
of Fig. 5, the flow tube 3 (the flow tube 24) makes a bending vibration 
with a vibration beam in a tertiary vibration mode. 

In Fig. 5, a point Drl indicates the arrangement of the drive 
device 4 (the drive device 25) , points Dr2 and Dr3 indicate the 
arrangement of the pair of second drive devices 5, 5 (the pair of 
second drive devices 26, 26) , and points POl and P02 indicate the 
arrangement of the pair of vibration detecting sensors 6, 6 (the 
pair of vibration detecting sensors 27, 27). Points O' and O" 
indicate vibration nodes. 

FIG. 6(a) shows the bending vibration velocity of the flow 
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tube 3 (the flow tube 24) vibrating as described above. In FIG. 
6(b), the Coriolis forces at points POl and P02 are indicated by 
arrows in correspondence with the pair of vibration detecting sensors 
6, 6 (the pair of vibration detecting sensors 21 , 27) shown in FIG. 
6(a) . 

It is to be noted that from the difference in Coriolis forces 
between points POl and P02 (P01-P02) , the mass flow rate is calculated 
(output signals from the pair of vibration detecting sensors 6, 
6 (the pair of vibration detecting sensors 27, 27) are converted 
to position signals by a converter (not shown) to obtain the phase 
difference and display the mass flow rate) . 

As described above with reference to Figs. 1 through 6, each 
of the Coriolis flowmeter 1 of the first embodiment of the present 
invention and the Coriolis flowmeter 21 of the second embodiment 
of the present invention, has a simple shape and can be provided 
at relatively low cost; it is driven in a tertiary vibration mode, 
so it is also advantageously resistant to disturbance vibration. 
Further, in the Coriolis flowmeter 1 and the Coriolis flowmeter 
21 of the present invention, as compared with a mass flowmeter (a 
conventional mass flowmeter) in which no such pair of second drive 
devices 5, 5 (pair of second drive devices 26, 26) as used in the 
present invention exist and in which only the drive device 4, (the 
drive device 25) is used, the vibration of the flow tube 3 (the 
flow txibe 24) is advantageously far more stabilized. Thus, it is 
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advantageously possible to obtain stable signals through the pair 
of vibration detecting sensors 6, 6 (the pair of vibration detecting 
sensors 27, 27) . 

Next, a Coriolis flowmeter according to still another 
embodiment of the present invention will be described with reference 
to Fig. 7. 

Fig. 7 shows a Coriolis flowmeter according to a third 
embodiment of the present invention. 

Of the drawings, Fig. 7 is a front view of a Coriolis flowmeter 
according to an embodiment of the present invention, in which a 
single bent tube type flow tube is mounted in a vertical plane. 

In Fig. 7, a Coriolis flowmeter 21* of the third embodiment 
of the present invention only differs from the Coriolis flowmeter 
21 of the second embodiment described above in the arrangement of 
the pair of vibration detecting sensors 27 . That is , in the Coriolis 
flowmeter of the third embodiment of the present invention, the 
pair of vibration detecting sensors 27, 27 are arranged between 
the left-hand side second drive device 26 and the inflow port on 
the left-hand side of the flow tube 24 and between the right-hand 
side second drive device 26 and the outflow port on the right-hand 
side of the flow tube 24. 

The respective coils of the pair of vibration detecting sensors 
27, 27 are mounted to a stationary member 36' , which is fixed, for 
example, to the board fixing portion 39. The FPC (flexible printed 



circuit) led out from each of the coils of the pair of vibration 
detecting sensors 27, 27 is connected to the board. Further, each 
of the magnets of the pair of vibration detecting sensors 27, 27 
is mounted to the flow tube 24 through the intermediation of mounting 
members. Like the Coriolis flowmeter 1 of the first embodiment and 
the Coriolis flowmeter 21 of the second embodiment described above, 
the Coriolis flowmeter 21 » with the above structure can be 
advantageously provided in a simple structure and at relatively 
low cost. Further, in the Coriolis flowmeter 21^ of the present 
invention, as compared with a mass flowmeter (a conventional mass 
flowmeter) in which no such pair of second drive devices 5, 5 (pair 
of second drive devices 26, 26) exist and in which only the drive 
device 4, (the drive device 25) is used, the vibration of the flow 
tube 3 (the flow tube 24) is advantageously far more stabilized. 

Apart from this, it goes without saying that the present 
invention allows various modifications without departing from the 
gist of the present invention. 

While in the above description the flow tube 3, 24 is formed 
in a gate- shape, this should not be construed restrictively; it 
is also possible to adopt a bent tube of an arbitrary shape, such 
as a U-shaped one. Further, while in the above description only 
one flow tube 3, 24 is used, this should not be construed 
restrictively; it is also possible to use two flow tubes arranged 
in parallel. 



